SUMMARY Stepwise linear discrimination was used to analyze risk factors in 431 consecutive patients who underwent coronary angiography to determine which variables were most closely associated with coronary artery disease. Twenty-one risk factors were considered: total plasma cholesterol and triglycerides; the cholesterol and triglyceride content of high-density lipoproteins (HDL), low-density lipoproteins (LDL) and very low density lipoproteins (VLDL); and the percentage of total cholesterol and triglycerides in each fraction. Age, smoking history, family history, hypertension, diabetes mellitus and relative weight were also considered. Coronary artery disease was assessed using three standard grading scores. There were significant differences in risk factors between males and females. In males, LDL cholesterol and age were selected by multivariate analysis. In females, the ratio of HDL cholesterol to total cholesterol, as well as relative weight, family history, age and smoking were selected. The discriminating value of HDL cholesterol as the percentage of total cholesterol was significantly greater than that of HDL cholesterol itself. Despite highly significant associations between risk factors and the presence of coronary artery disease, the discrimination did not provide sufficient separation of the groups to give results that are useful diagnostically in individual patients.
THE RELATIONSHIP between hyperlipidemia and an increased risk of coronary heart disease has been well documented and has served as a motivating factor for research into lipoprotein structure, function and metabolism. The aim of the research has been to isolate lipoprotein factors that are most closely associated with coronary heart disease in order to gain some knowledge about the pathophysiology of atherosclerosis and to allow clinicians to identify persons who are at high risk of developing the disease. Although Barr et al.' reported in 1951 the inverse relationship between high-density lipoproteins (HDL) and the incidence of coronary heart disease, until recently most attention has been directed at two of the principal carriers of plasma cholesterol, very low density (VLDL) and low-density (LDL) lipoproteins.
During the past several years, however, the importance of HDL has been widely recognized,2 9 and in some studies, HDL appears to have been most predictive of coronary artery disease.10 Those findings support experimental evidence that HDL may have a role in inhibiting the accumulation of cholesterol in arteries by promoting the removal of cellular cholesterol."1-3 Other risk factors, including family history, hypertension, tobacco abuse, age, sex and diabetes also have been found to be associated with an increased risk of coronary artery disease. '4-16 Limited information is available concerning the predictive value of these variables and their relationship to angiographically defined coronary artery disease.6 ', [17] [18] [19] The purpose of this study was to determine the relationship between angiographically defined coronary artery disease and some of the known risk factors, with specific attention to lipid fractions, and to determine the value of risk factors in predicting the presence of coronary artery disease in patients who undergo coronary angiography.
Materials and Methods
Four hundred thirty-one consecutive patients (336 males and 95 females) who underwent cardiac catheterization for evaluation of suspected coronary artery disease from 1975 to 1976 were evaluated. Twenty-one independent variables were considered: Total cholesterol;* the cholesterol in VLDL, LDL and HDL; and the ratios of the three fractions to the total; Total triglyceride;* the triglyceride in VLDL, LDL and HDL; and the ratio of the three fractions to the total; Age, relative weight, hypertension (yes or no), smoking (current, past or never), pack-years, diabetes (yes or no), and family history of coronary heart disease.t
Coronary angiography was performed by the Judkins or Sones technique. Multiple views of the right and left coronary arteries were recorded. The angiograms were reviewed and coded by two car-diologists without knowledge of the patient's lipid levels. The presence and severity of coronary artery disease was determined by consensus. The coronary circulation was divided into 27 segments and the degree of stenosis was coded for each segment.
Blood samples were drawn before coronary angiography. Total plasma cholesterol was determined by a semiautomated colorimetric method,20 and triglyceride levels were determined by a semiautomated fluorometric method.20 Lipoprotein electrophoresis and isolation and quantitation of the LDL, VLDL and HDL were performed using techniques previously described.20 21 The precision of these methods has been verified on blind-duplicate samples.
To identify risk factors associated with the presence, severity and extent of coronary artery disease discovered at angiography, three methods were used: (1) stepwise linear discrimination between the two subgroups: those with significant coronary artery disease and those without significant coronary artery disease (i.e., the presence of any segment with > 70% stenosis of the luminal diameter), and (2 and 3) stepwise regression to predict the severity and extent of coronary artery disease, as measured by the Jenkins et al.9 scores and by the Gensini22 scores.
Results

Characteristics of the Study Group
Of the 431 patients, 336 were males and 95 were females. The distributions of the lipids and lipid fractions in the study group are given by sex in table 1 . The females had a smaller percentage of current and past smokers (48% vs 81 %) and a higher prevalence of hypertension (52% vs 34%). There were no significant sex differences in the prevalence of diabetes, prior angina or prior myocardial infarction (table 2) . Eighty-eight percent of the males had significant coronary artery disease (> 70% luminal narrowing), compared with 63% of the females. The group without significant coronary artery disease was younger and had a lower prevalence of prior angina* and myocardial infarction.t
Relationship of Lipids and Results of Arteriography
For each sex, the quartiles of the distribution of each of the lipid fractions were determined. For each of these quartiles, the arteriographic results were summarized in terms of the severity of coronary artery disease, as judged by a mean Jenkins score (table 3) . In males, the Jenkins score increased by 35% (7.86 to 10.59) from the lowest to the highest quartile of LDL cholesterol. In females, the mean Jenkins score decreased by 59% (8.43 to 3.46) from the lowest to the highest quartile of the ratio of HDL cholesterol to total cholesterol. *The diagnosis of angina pectoris was based on a history of exertional substernal chest discomfort.
tA myocardial infarction was considered to have occurred if the patient stated that he had been hospitalized or had been told by his personal physician that he had suffered a myocardial infarction.
Stepwise Linear Discrimination (table 4) In males, LDL cholesterol and age were selected as the variables that had significant discriminating power between those with and those without significant coronary artery disease. In addition, total cholesterol and the ratio of LDL cholesterol to total cholesterol were significant on univariate analysis. In males younger than 55 years of age, total cholesterol and pack-years were selected. In this group, as in all males, total cholesterol and LDL cholesterol were essentially tied for first place. In the older group, no variables were significantly associated with the presence of disease.
In females, the ratio of HDL cholesterol to total cholesterol was the first variable selected; also selected were age, smoking, relative weight and family history. Seven other variables were significant by univariate methods, and of these, the first was the ratio of HDL triglyceride to total triglyceride, which was positively correlated with the ratio of HDL cholesterol to total cholesterol (r = 0.51).
The ratio of HDL cholesterol to total cholesterol was of major importance in both female age groups. In those younger than 55 years, this ratio was essentially equal with family history, which was selected as the first variable. Smoking was the third variable. Pack-years and the ratio of HDL triglyceride to total triglyceride also were significant (p < 0.01). In women age 55 years or older, the ratio of HDL cholesterol to total cholesterol and relative weight were selected. No other variables were significant.
The results of the stepwise regression for the Jenkins et al. 9 and Gensini22 severity and extent scores reproduced those given above, except for minor differences in the ordering of variables.
In females, the discriminating value of HDL cholesterol expressed as a percentage of total cholesterol was much greater than that of the HDL cholesterol concentration itself. The significance level for the ratio was < 0.001, compared with the concentration itself, which was of only borderline significance (p < 0.05). Even with the use of the ratio of HDL cholesterol to total cholesterol, there was considerable overlap between females with and without disease ( fig.  1 ). In males, HDL did not discriminate between those with and those without disease. Even with the use of LDL, the overlap between males with and without disease was considerable ( fig. 1) .
While the discriminant functions served to separate the mean scores for subjects with and without significant coronary disease, the overlap in the distributions was substantial, and only 65% of the males and 76% of the females could be classified correctly ( fig. 2 ).
Discussion
Since an association of cholesterol and the development of atherosclerosis was recognized in 1913,23 an association of lipoprotein abnormalities and ischemic heart disease has been well documented. Although LDL cholesterol, total cholesterol and total triglyceride levels are directly related to prevalence of coronary artery disease, HDL cholesterol has been Abbreviations: LI)L = low-density lipoprotein; HDL = high-density lipoprotein; VLDL = very low density lipoprotein; R-C-HDL or R-C-LDL = ratio of fraction to total cholesterol; R-T-HDL or R-T-VLDL ratio of fraction to total triglyceride. Discriminant score FIGURE 2. Discriminant function scores for males and females with and without coronary artery disease. For males, the score is based on age and low-density lipoprotein cholesterol, for females, the score is based on R-C-HDL (ratio of high-density lipoprotein fraction to total cholesterol), relative weight, age, family history ofcoronary artery disease and smoking. males, the only lipid variable selected was LDL cholesterol, although total cholesterol and the ratio of LDL cholesterol to total cholesterol were significant on univariate analysis. This was also most significant regardless of whether the end point was the presence or absence of coronary artery disease or the extent and severity of coronary artery disease. In contradistinction to the results in women, we could not identify any significant risk factors in men age 55 years or older. This may indicate that aging and sex are such powerful risk factors that they "wash out" the effect of the other variables. In addition to differences between males and females in lipid fractions most closely associated with coronary artery disease, there were also sex-related differences in the other risk factors. In both young males and females, smoking history also was selected on linear regression. This is similar to other reported series, which have documented that the younger the age group, the higher the risk associated with smoking.24', 2 28 The other variables selected with linear regression in the females were family history, relative weight and age. In the younger age group, the family history of early onset of arteriosclerotic heart disease was the strongest variable. This supports evidence that has demonstrated an increased risk of coronary artery disease in relatives of people who have the onset of coronary artery disease at an early age.29 31 Patients with positive family histories were younger and had higher cholesterol levels and lower ratios of HDL cholesterol to total cholesterol. Hypertension has been found to be an important risk factor for the development and prognosis of coronary artery disease. The fact that hypertension does not seem to discriminate at the angiographic level in this and other studies18 may be due to the weakness of the measure used, that is, a history of the presence or absence of hypertension. If we could measure the total impact in terms of the duration and degree of elevation of the blood pressure, the presence of hypertension might well be found to be more significant.
Studies on the association of risk factors and coronary artery disease have used several different markers of the disease. Some of those have had significant limitations. Those studies based on the clinical diagnosis of coronary artery disease have been by their very design limited because certain patient populations, for example women, may have clinical coronary artery disease with angina pectoris without having angiographically demonstrable coronary artery disease. More recent studies that have used coronary angiography to define the population samples have solved this problem but still have had limitations. The use of dichotomous variables such as stenosis of less than 70% and of 70% or more in identifying those factors associated with the presence and severity of coronary artery disease has some potential problems. These can be avoided by using a continuous variable end point; for example, scores that consider both the severity and extent of disease. In our study, however, the significant risk factors were similar, regardless of which coronary score was used.
Risk factor studies in a population that undergoes coronary arteriography have the advantage that the major proportion of the misclassification present in clinically diagnosed series is clearly defined and provides a comparison group. This advantage, however, is offset by the complex and largely undefined process by which the study group is selected. The angiographic group, as well as the subset in which no coronary artery disease is found is not representative of the population at large. The selection process that results in a population that undergoes coronary angiography may significantly alter (intensify or dilute) the associations in the population as a whole between coronary artery disease and various risk factors. Even in our angiographic series, although highly significant relationships were found, they were not clinically useful at the level of an individual patient in predicting coronary artery disease.
